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A p rin c ip a l o b je c t o f th e re s e a rc h e s is to d e te rm in e th e v alu e o f p , C a r n o t 's fu n c tio n . I f th e g a s fu lfilled p e rfe c tly th e law s o f c o m p re ssio n a n d e x p an sio n o rd in a rily a ssu m e d , w e s h o u ld h av e § ]_ KS J E^o lo g T ' w here J is th e m e c h a n ic a l e q u iv a le n t o f th e th e rm a l u n i t ; p 0u0 th e p ro d u c t o f th e pressure in pounds on th e sq u are foot in to th e volum e in cubic feet of a pound of the gas a t 0° C e n t.; P is th e ratio o f th e p ressu re on th e high p ressu re side to that on the o th er side o f the p lu g ; & is th e observed coo lin g effect; th e tem p eratu re C ent, of th e b a th , a n d K the th e rm a l cap acity of a pou n d o f th e gas u n d er constant p ressu re eq u al to th a t on th e low p ressu re side of th e gas. T o establish this equa tio n it is only necessary to re m a rk th a t is th e h eat th a t w ould have to be added to each p o und o f th e exit stre a m o f air, to b rin g it to the te m p eratu re of the bath, and is th e sam e (a c co rd in g to th e g en eral prin cip le o f m ech an ical energy) as would have to be ad d ed to it in p assin g th ro u g h th e plug, to m ake it leave the p lu g with its te m p e ra tu re u n a lte re d . W e have th erefo re K^= -H , in term s o f th e notation used in th e passage referred to.
O n th e above hypothesis (th a t th e gas fulfils th e law s of com pression an d expansion o rd in arily assum ed) w ould be th e sam e for all values of P ; b u t R e g n a u l t has show n th a t th e hypothesis is n o t rig o ro u sly tru e for atm o sp h eric air, an d o ur experig m ents show th a t increases w ith P. H e n ce , in re d u c in g th e experim ents, a c o rre c tio n m u st be first applied to ta k e in to a cc o u n t the deviations, as far as they a re k n o w n , o f th e fluid u sed, from th e gaseous law s, a n d th en th e value of ^ may be d e te rm in e d . T h e fo rm u la by w hich th is is to be done is th e follow ing (D ynam ical T h e o ry of H e a t, e q u a tio n (f), § 74, or eq u atio n (17), § 95, an d (8), § 89)-
w h e re w = /^pdv, u an d u' d en o tin g th e volum es o f a p o u n d of th e gas a t th e high pressure an d low pressure respectively, a n d a t th e sam e te m p e ra tu re (th a t of th e b ath ), an d v the volum e o f a p o u n d o f it a t th a t te m p e ra tu re , w hen a t a n y in te rm e d ia te pressure A n expression for tv for an y te m p e ra tu re m ay be derived from an em p for th e com p ressib ility of a ir a t th a t te m p e ra tu re , a n d b etw een the lim its of pressure in th e e x p erim en t.
T h e a p p a ra tu s, w hich we have been en ab led to provide by th e assistan ce of a g ra n t from th e R oyal Society, con sists m ain ly of a pum p, by w hich a ir m ay be forced in to a series of tu b es a c tin g a t once as a receiver of the elastic fluid, and as a m eans of c o m m u n ic a tin g to it any req u ired te m p e ra tu re ; nozles, an d plugs of porous m a te ria l b ein g em ployed to d isch arg e the air ag ain st th e bulb of a th erm o m eter.
T h e pum p a, fig. 1 , consists of a cast-iron cy lin d er of flin ch es in tern al diam eter, in w hich a p iston, fig. 2 , fitted w ith spiral m etallic p a ck in g (of an tifrictio n m etal), w orks by th e d ire c t actio n o f th e beam o f a steam -engine th ro u g h a stroke of 22 incites. T h e pum p is sin g le-actin g , th e air en terin g a t the base o f the cylinder d u rin g the u p -stro k e, an d being expelled th en ce in to the receiving tubes by the d o w n -stro k e. T h e g o v ern o r of th e steam -engine lim its the num ber of com plete strokes of the pum p to 27 per m inute. T h e valves, fig. 3 , consist of loose spheres of brass 0 6 of an inch in d iam eter, w hich fall by th e ir own g rav ity over orifices 0'45 of an inch diam eter. T he c y lin d er and valves in con n ectio n w ith it are im m ersed in w ater to prevent the w ear a n d te a r w hich m ig h t arise from a variable or too elevated tem p erature. , fig. 1 , of 2 inches in te rn a l d iam eter, conducts th pressed air horizontally a distance of 6 feet, thence vertically to an elevation of 18 feet, w here an o th er len g th of 23 feet conveys it to th e copper tu b in g , the ju n ctio n being effected by m eans of a coupling-joint. T he copper tu b in g , which is of 2 inches in te rn a l diam eter and 74 feet in length, is arran g ed in two coils, each being im m ersed in a wooden vessel of 4 feet diam eter, from the bottom an d sides of 3 B
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w hich it is k e p t a t a d ista n c e o f 6 in ch es. T h e coils are c o n n ec te d by m eans of a coupling-jo in t d, n e a r w hich a sto p co ck , e, is placed, in o rd e r to le t a port escape w hen it is w a n te d to red u ce th e p ressu re. T h e te rm in a l coil has a flange, f, to w hich a n y re q u ire d n ozle m ay be a tta c h e d by m eans o f screw -bolts. N ear th e flange, a sm all pipe, g, is screw ed, a t th e te rm in a tio n o f w hich a calib rated glass tu b e b e n t (as show n in fig. 4 ), a n d p a rtly filled w ith m ercu ry , is tig h tly secured. A sto p co ck a t h, a n d a n o th e r in a sm all b ra n c h pipe a t i, p e rm it th e a ir a t any tim e to be le t off, so as to exam ine th e s ta te o f th e g au g e w hen u n in flu en ced by any except atm o sp h eric p re ssu re . T h e b ra n c h pipe is also em p lo y ed in co llectin g a sm all portion o f a ir for chem ical analy sis d u rin g each ex p erim en t. A pipe, j , is so suspended, th a t by m eans o f in d ia -ru b b e r ju n c tio n s, a co m m u n ic atio n can read ily be m ade to convey th e a ir issu in g from th e n o z le in to th e g as-m eter, , w hich has a cap a c ity o f 40 cubic feet, an d is carefully g ra d u a te d by c a lib ra tio n . A b e n t glass tu b e , /, in serted in the top o f the m eter, a n d c o n ta in in g a little w a ter, in d ic a tes th e slig h t difference which som etim es e x ists betw een th e p re ssu re o f a ir in th e m eter an d th a t of th e external a tm o sp h ere. W h e n re q u ire d , a w ro u g h t-iro n pipe, m, 1 inch in d iam eter, is used to convey th e elastic fluid from th e m e te r to th e d e sic c atin g a p p aratu s, an d th en ce to th e pum p so as to c irc u la te th ro u g h th e e n tire a p p a ra tu s.
W e have a lre a d y po in ted o u t th e d ifferen t th e rm a l effects to be a n tic ip ate d from th e ru sh in g o f a ir from a single n a rro w orifice. T h ey are , on th e one han d , from th e e x p en d itu re o f h eat in la b o u rin g force to co m m u n icate rap id m otion to the air by m eans of ex pansion ; a n d h e a t, on th e o th e r, in co nsequence ru sh in g a ir bein g re c o n v erted in to h eat. T h e tw o opposite effects nearly n eu tralize each o th e r a t 2 or 3 inches d ista n ce from th e orifice, leaving how ever a slig h t pre p o n d eran ce o f co o lin g e ffe c t; b u t close to th e orifice th e v ariatio n s o f tem p eratu re a re excessive, as w ill be m ade m an ifest by the follow ing experim ents. A th in p la te o f co p p er, h a v in g a hole o f -^t h o f an inch d iam eter, d rilled in th e c en tre, was b o lted to th e flange, a n in d ia -ru b b e r w ash er m a k in g th e jo in t a ir-tig h t. A t th e o rd in a ry velocity o f th e p u m p th e orifice was sufficient to d isch arg e the w hole q u a n tity o f a ir w hen its p ressu re a rriv e d a t 124 lbs. on the sq u are inch. W h en how ever low er p ressu res w ere trie d , the sto p co ck e w as k e p t p artially open. T he th e rm o m e te r used w as one w ith a sp h erical bulb O'] 5 o f an inch in diam eter. H o ld in g it as close to th e orifice as possible w ith o u t to u c h in g the m etal, the follow ing observations w ere m ade a t v ario u s pressures, th e te m p e ra tu re of th e w ater in w hich th e coils w ere im m ersed b ein g 22° C ent. T h e a ir was d ried an d deprived o f carb o n ic acid by p assin g it, previous to e n terin g th e pum p, th ro u g h a vessel \ \ feet long and 20 inches d iam eter, filled w ith q u ick lim e. The heating1 effect was exhibited as follow s:-T he bulb of the therm om eter was inserted into a piece of conical g u tta percha pipe in such a m an n er th a t an extrem ely n arro w passage was allow ed betw een the in terio r surface of th e pipe an d the bulb. T h u s arm ed, the th erm o m eter was held, as represented by fig. 5 , a t h a lf an inch d istance from the orifice, w hen the following resu lts were ob tained :- I t m ust be re m a rk e d , th a t the above recorded th e rm a l effects are n o t to be tak en as representing1 the m axim um results to be derived from the ru sh in g a ir a t the pres sures nam ed. T h e d eterm in atio n o f these, in th e form of ex p erim en t above given, is p revented by several circum stances. In p a rtic u la r it m u st be observed, th a t the cooling effects m u st have been reduced in consequence of th e h e at evolved by the friction of the rush in g a ir a g ain st the bulb o f the th erm o m eter. T h e h eating effects, resu ltin g as they do from th e ab so rp tio n an d conversion in to heat of the vis viva of the ru sh in g air, depend very m uch upon the n arro w n ess of the space betw een th e th erm o m eter and g u tta p erch a pipe. W e in ten d fu rth er on to re tu rn to this subject, b u t in th e m ean tim e w ill m ention th ree form s o f ex p erim en t w hereby th e h eatin g effect is very strik in g ly a n d in stru ctiv ely exhibited. Experiment 1.-T he finger and th u m b are b ro u g h t over the orifice, as represented in fig. 6 , so th a t by g ra d u a lly closing them the stream of air is pinched. I t is found th a t the effort to close the finger and th u m b is opposed by considerable force, w hich increases w ith th e p res sure applied. A t the sam e tim e a stro n g trem ulous m otion is felt and a shrill noise is heard, w hilst the heat produced in five or six seconds necessitates th e te rm in a tio n of th e experim ent. Experiment 2. -Fig. 7 -T he finger is placed over th e orifice and pressed until a th in stra tu m of a ir escapes betw een th e copper-plate an d the finger. In this case the b u rn in g h eat of th e ru sh in g a ir is equally rem arkable in spite of the proxim ity of th e finger to the cold m etal.
Experiment 3.-F ig. 8. A piece of th ick in d ia-ru b b er is pressed by the finger over th e narro w orifice so as to allow a th in stream of air to rush betw een the in d ia-ru b b er and the plate of copper. In this case th e in d ia-ru b b er is speedily raised to a te m p e ratu re which prevents its being handled com fortably.
W e have now a d d u c e d enough to illu s tra te th e im m ense an d sudden changes ot te m p e ra tu re w hich exist in th e " ra p id s " o f a c u rre n t of air, ch an g es w hich point out th e n ecessity o f em ploying a porous plug, in o rd e r th a t w hen th e a ir arrives a t the th e rm o m e te r its sta te m ay be red u ced to a uniform co n d itio n . Figs. 4 and 9 rep resen t o u r first a rra n g e m e n t for th e p o rous plug, w here n is aa re th re e pieces w ith in each o th er, th e in n e r one c o m m u n ic a tin g w ith a glass tu b e th ro u g h which th e divisions of th e th e rm o m e te r m ay be seen, an d w hich serves to convey th e air to th e m eter. In th e ex p erim en ts a b o u t to be given, th e th e rm o m e te r was in im m ediate c o n ta c t w ith the c o tto n p lu g as rep resen ted in th e figure, a n d the nozle was im m ersed in th e b a th up to th e line s.The w eig h t o f th e w as 251 grs., its specific g ra v ity T 404, a n d b ein g co m p ressed in to a space l j inch in d ia m e ter a n d T 9 in c h long, th e o p en in g left for the passage o f a ir m u st have been equal in volum e to a pipe to T 33 o f an inch d ia m e ter. A L ieb ig tu b e c o n ta in in g su lp h u ric acid , specific g rav ity T8, gain ed 0*03 of a grain by passing th ro u g h it, d u rin g th e exp erim en t, 100 cubic inches of air.
* By varying the temperature of the water in which the coils were immersed, it was found that the tempe rature of the water surrounding the first coil exercised no perceptible influence, the temperature of the rushing air being entirely regulated by that of the terminal coil. However, the precaution was taken of keeping both coils at nearly the same temperature.
T
e n t th a n a t th e te rm in a tio n o f th e series. T h is m ay b e a ttr ib u te d in a g re a t m easu re to th e d ry in g o f th e c o tto n , w hich w as fo u n d to c o n ta in a t le a st 5 p er c en t, o f m o istu re a fte r ex p o su re to th e a tm o sp h ere . T h e re w as also a n o th e r so u rce o f in te rfe re n c e w ith th e a c c u ra c y o f th e re su lts o w in g to a c o n sid e ra b le o scillatio n o f p re ssu re a ris in g from th e a c tio n o f th e p u m p . W e h a d re m a rk e d th a t w hen th e n u m b e r o f s tro k e s o f th e e n g in e w as su d d en ly re d u c e d from tw en ty -sev e n to tw enty-five p e r m in u te , a dep ressio n o f th e th e rm o m e te r e q u a l to som e h u n d re d th s o f a d e g re e C e n t, to o k place, a c irc u m s ta n c e ev id en tly o w in g to th e e n tire m ass o f a ir in th e coils a n d c o tto n p lu g s su fferin g d ila ta tio n w ith o u t a llo w in g tim e for th e escap e o f th e c o n se q u e n t th e rm a l effect. H e n c e it w as fo u n d a b so lu te ly e ssen tial to k e ep th e p u m p w o rk in g a t a p e rfe c tly u n ifo rm ra te . F o r a sim ila r reason it w as also m o st im p o r ta n t to p re v e n t th e o sc illa tio n s o f p re ssu re d u e to th e a c tio n o f th e p u m p , p a rtic u la rly as it a p p e a re d obv io u s th a t th e h eat evolved b y th e su d d e n in c re a se o f p re ssu re , on th e ad m issio n o f a fresh su p p ly o f a ir fro m th e p u m p , w ould a rriv e a t th e th e rm o m e te r in a la rg e r p ro p o rtio n th a n th e c o ld p ro d u c e d b y th e s u b se q u e n t g ra d u a l d ila ta tio n . I n fa c t, on m a k in g a n e x p e rim e n t in w hich th e a ir w as k e p t a t a low p re s su re , by o p e n in g a s to p c o c k p ro v id e d fo r th e p u rp o se , th e o scilla tio n s o f p re ssu re a m o u n tin g to -^t h o f th e w hole, it w as fo u n d th a t a n a p p a re n t h e a tin g effect, e q u a l to 0°*2 C en t., w as p ro d u c e d in s te a d o f a sm a ll c o o lin g effect.
I t b e ca m e th e re fo re n e c e ssa ry to o b v ia te th e ab o v e so u rc e o f e rro r, a n d th e m eth o d first em ployed w ith th a t view , w as to p la ce a d ia p h ra g m o f c o p p e r w ith a hole in its c e n tre y th o f a n in c h in d ia m e te r a t th e ju n c tio n b e tw e e n th e iro n a n d c o p p e r pipes. T h e o sc illa tio n b e in g th u s re d u c e d , so as to b e h a rd ly p e rc e p tib le , w e m ad e th e follow ing o b se rv a tio n s. S eco n d series o f e x p e rim e n ts. A tm o sp h e ric a ir d rie d a n d d e p riv e d o f c a rb o n ic acid b y q u ic k lim e . G a u g e 73*75; b a ro m e te r 3 0 * 1 6 2 = 14*755 lbs. p re ssu re p e r sq u a re inch ; th e rm o m e te r 19°*3 C en t.
Gauge.
Total pressure in lbs. per square inch.
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35-900

0-377
0-362 0-348 S u sp ectin g th a t p articles o f th e sperm oil em ployed for lu b ric a tin g the pum p were carried m echanically to the c o tto n p lu g an d in te rfe re d w ith th e results, we now sub s titu te d a box w ith p erfo rated caps, filled w ith co tto n wool, for th e d iap h rag m used in the la st series. W ith th is a rra n g e m e n t th e p ressu re w as k e p t as uniform as with the other, an d all solid a n d liq u id p articles w ere k e p t b ack by filtratio n .
T h ird series o f ex perim ents. A tm o sp h eric a ir d rie d an d d ep riv ed o f carbonic acid b y q u ick lim e* , a n d filtered th ro u g h c o tto n . G au g e 73*7 ; th e rm o m e te r 2 1°*7 C e n t.; b a ro m e te r 30*10=14*71 lbs. on th e sq u a re in ch .
The stopcock for reducing pressure being now p artially opened, the observations were continued as fo llo w s:- u rin g the above experim ent 100 cubic inches o f th e a ir was slowly passed th ro u g h tw o L iebig tubes c o n tain in g sulphuric acid, specific g rav ity 1'8. T h e first tube gained 0*006 of a g rain , th e second rem ained a t exactly the sam e w eight. P.S. O ct. 14, 1853.-T h e a p p aren tly anom alous results contained in the last T able have been fully explained, an d shown to depend on the alte ratio n of pressure which took place tow ards the beginning of th e interval of tim e from 42m to 50ni, by su b sequent researches w hich we hope soon to lay before the Royal Society.
